Toxicity of calcium sodium metaphosphate fiber. I. In vitro and in vivo degradation and clearance studies.
In an experiment to ascertain the degradability of calcium sodium metaphosphate (CSM) fiber in vitro, 32P-labeled CSM fiber was incubated in media with or without rat lung epithelial cells (LEC) or rat alveolar macrophages (RAM). The amount of radioactivity appearing in the filtrate of the media in the presence of cells minus the radioactivity in the media in the absence of cells was considered to reflect cell-aided dissolution of the fiber. LEC and RAM cells increased the degree of dissolution two- and sevenfold, respectively, compared to their respective media controls in a 7-day time period. In a separate experiment, male Fischer rats were given 32P-labeled CSM fiber either by intraperitoneal injection or by intratracheal instillation and the amount of radioactivity appearing in the urine and feces was measured over a period of 60 days. Selected animals from this experiment were also subjected to whole-body autoradiography 0, 1, 5, 15, 30, and 60 days postexposure. After intraperitoneal injection, approximately 0.9% of the administered dose appeared in the urine. A similar percentage of the dose was eliminated in the urine when the fibers were administered by intratracheal instillation; however, the amount of radioactivity in the feces after intratracheal instillation, i.e., 11.6% of the administered dose, was much higher than that after intraperitoneal dose, i.e., 0.24% of the administered dose. Whole-body autoradiographs showed a time-related increase in radioactivity at a site other than the site of administration, and the location of this radioactivity appeared to be exclusively associated with mineralized tissue. The clearance of nonradiolabeled CSM fiber (approximately 200,000 fibers) from rat lung after intratracheal inhalation (IH) and intratracheal instillation (IT) was monitored. Approximately 93% of the initial fiber load after IH and approximately 84% of the initial fiber load after IT was cleared from the lung in 6 months. Histological and biochemical evaluation of the rat lungs did not reveal any indication of fibrosis up to a period of 6 months. All the studies discussed indicate that CSM is degradable in biological systems and is cleared from the lung after IT and IH administration. These attributes of CSM fiber should reduce the potential for chronic adverse effects in the lung after inhalation.